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(54) LITHIUM ION SECONDARY BATTERY WHEREIN NATURAL PRODUCT- ORIGINATED CARBON 
IS USED AS NEGATIVE ELECTRODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium ion secondary 
battery wherein an inexpensive and a new carbonaceous 
material which lithium ion is reversibly inserted into and 
discharged from is used as a negative electrode. 
SOLUTION: By using the natural product-originated carbon, 
especially by using bamboo Bincho charcoal as the negative 
electrode material, the new and inexpensive lithium ion 
secondary battery can be realized which is superior in a 
charge-discharge capacity and stability of repetitive uses, and 
which has the same high-performance as that of a lithium ion 
secondary battery using a conventional carbonaceous material. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The rechargeable lithium-ion battery characterized by the positive electrode, the nonaqueous 
solution electrolytic solution, and coming to have the negative electrode which used electrochemically 
occlusion and the natural product origin carbon which may be emitted for the lithium ion as an active 
principle on the charge collector at least. 

[Claim 2] The rechargeable lithium-ion battery according to claim 1 characterized by natural product origin 
carbon being a bamboo-goods Bincho charcoal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the rechargeable lithium-ion battery which used 
natural product origin carbon for the negative electrode about a rechargeable lithium-ion battery. 
[0002] 

[Description of the Prior Art] In recent years, pocket devices, such as a cellular phone, and a laptop 
computer or a camcorder/movie, have been forming the big commercial scene. As a power source used for 
these pocket device, the request to the rechargeable battery which has a light weight, small, and a high 
energy consistency is strong. A rechargeable lithium-ion battery is predominant at these points as compared 
with other rechargeable batteries, and active researches and developments are done. As a noncommercial 
use, although the rechargeable battery which used the metal lithium for the negative electrode might 
temporarily be developed for communication equipment, it had the important problem of spoiling the safety 
and cell engine performance of a cell, by generation of the dendrite (resin-like crystal) which deposits on a 
negative-electrode front face, or a granular lithium [ activity again ] etc. at the time of charge. For this 
reason, the policy of examining the electrolytic solution as are indicated by JP,4-286864,A and it is 
indicated by the negative electrode at JP,4-56078,A, using a lithium alloy has been taken. 
[0003] On the other hand, in order to improve this, occlusion of the lithium in a charge-and-discharge 
process was performed between layers, and using the carbonaceous ingredient which can prevent a deposit 
of a lithium metal as a negative electrode was found out. it is shown by JP,4-237949,A in it — as - lower 
degree of crystallinity and lower specific gravity, such as graphite carbon, such as giant-molecule carbide, 
corks, a carbon fiber, coal and a petroleum pitch baking object, and a meso carbon micro bead, and Raman - 
- the spectrum and the carbonaceous object defined with the property of specific surface area and others are 
proposed. Moreover, it is indicated that it is good to use a graphite with the highest degree of crystallinity 
for JP,57-208079,A as a carbonaceous object. However, since a graphite uses the intercalation of a under 
[ the graphite crystal of a lithium ion ] as a principle of charge and discharge, while it may say that the 
capacity of 372 or more mAh/g computed from LiC6 of the maximum lithium installation compound is not 
obtained, it is reported that a bigger capacity than geometric capacity 372 mAh/g of a graphite is shown, and 
the carbonaceous object with very few crystallization parts calcinated below 950 degrees C attracts 
[****/.] attention as a capacity increasing method. 

[0004] Researches and developments of low-pricing of the such [ on the other hand ] high performance 
rechargeable lithium-ion battery are done wholeheartedly. LiMn 204 as a positive-electrode ingredient 
succeeds in compressing a positive- active-material price at a stretch 1/10 or less compared with 
conventional LiCo02, and practical use is especially partly presented with it. However, the example for 
which research was done from a viewpoint of cost to the charge of negative-electrode material until now is 
hardly found. Although graphite carbon, such as giant-molecule carbide, corks, a carbon fiber, coal and a 
petroleum pitch baking object, and a meso carbon micro bead, is proposed and used for the charge of 
negative-electrode material which can carry out the ejection and insertion of the lithium ion reversibly as 
mentioned above, all have an expensive raw material or the processing temperature at the time of 
manufacture is pulling up cost at the elevated temperature. Thus, it waited eagerly for the appearance of the 
cheap ingredient which can carry out the ejection and insertion of the lithium ion reversibly with the new 
negative-electrode ingredient for rechargeable lithium-ion batteries. 
[0005] 

[Problem(s) to be Solved by the Invention] The first purpose of this invention is to offer the new charge of 
negative-electrode material which carries out the ejection and insertion of the lithium ion. The second 
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purpose of this invention is to offer the cheap charge of negative-electrode material for rechargeable 
lithium-ion batteries. The third purpose of this invention is to offer the rechargeable lithium-ion battery 
which was repeatedly excellent in operating stability using the new ingredient to apply. 
[0006] 

[Means for Solving the Problem] this invention persons repeated examination focusing on the new charge of 
negative-electrode material, in order to solve said technical problem. (1) at least, the rechargeable lithium- 
ion battery characterized by coming to have a positive electrode, the nonaqueous solution electrolytic 
solution, and the negative electrode that used electrochemically occlusion and the natural product origin 
carbon which may be emitted for the lithium ion as an active principle on the charge collector, and the 
rechargeable lithium-ion battery given in (1) characterized by (2) natural -product origin carbon being a 
bamboo-goods Bincho charcoal found out solving the aforementioned technical problem, and resulted in 
completion of this invention. [ consequently, ] 

[0007] That is, the persons from this application book found out that natural product origin carbon could 
carry out the ejection and insertion of the lithium ion for the first time, and it succeeded in using it as a 
negative electrode for rechargeable lithium-ion batteries. This carbon material is completely new as a charge 
of rechargeable lithium-ion battery material. Moreover, many of these ingredients can come to hand cheaply 
compared with the carbon material conventionally used for the negative electrode for rechargeable lithium- 
ion batteries, and it is contributed to low-pricing of a rechargeable lithium-ion battery. Furthermore, 
invention-in-this-application persons found out that a charge-and-discharge property and the thing which is 
not inferiority in a property repeatedly were in natural product origin carbon as compared with the carbon 
material put in practical use, and resulted it in completion of this invention. 
[0008] 

[Embodiment of the Invention] The natural product origin carbon said to this invention is matter which uses 
as a principal component the carbon which carbonized and obtained them by using plants, a fungus, besides 
an animal, etc. as a raw material. Although a leaf, a trunk, a branch, a root and a petal, fruits, and a seed will 
specifically serve as a raw material if it becomes plants, the cellulose and fats and oils which processed 
thru/or extracted them also serve as a raw material. As for a fungus, its whole serves as a raw material. 
About an animal, starch, fats and oils, etc. can serve as a raw material. These natural products can be 
carbonized and the carbon material of the natural product origin can be obtained. As the approach of 
carbonization, it can carry out by heat-treating under 1 0-7-1 05Pa of oxygen tension under high pressure, 
ordinary pressure, or reduced pressure. Whenever [ stoving temperature ] will have preferably desirable 
1300 degrees C or less 3200 degrees C or less, if economic effectiveness is taken into consideration. 
[0009] Thus, unlike carbon materials conventionally proposed as a negative-electrode ingredient for 
rechargeable lithium-ion batteries, such as a graphite and carbon black, the natural product origin carbon 
obtained is a new material. 

[0010] The natural product origin carbon obtained as mentioned above needs to grind and classify 
preferably the mean particle diameter of 5-100 micrometers at 10-50 micrometers, in order to present use as 
a charge of negative-electrode material of this invention. For that, the carbon material which has a suitable 
particle size and particle size distribution using well-known grinding equipment, such as a ball mill, attritor, 
a vibration mill, a planetary mill, and a jet mill, and the classifier represented by the screen can be obtained. 
[001 1] The manufacture approach of the cell of the invention in this application is explained below. 1-100 
micrometers of carbon materials of the natural product origin described in the top are preferably ground in 
the range of 5-50-micrometer mean particle diameter still more preferably, and a binder, a solvent, etc. are 
added to this grinding object, consider as the shape of a slurry, and let a slurry be an electrode by applying 
and drying at the substrate of metal charge collectors, such as copper foil. Moreover, this electrode material 
can also be fabricated by approaches, such as roll forming and compression molding, in the configuration of 
an electrode as it is. 

[0012] Although all well-known things can use a charge collector if it is the quality of the material which 
has electronic conduction nature, its non-corrosive quality of the material is especially desirable. As such the 
quality of the material, although conductive carbon, gold, platinum, stainless steel, etc. are mentioned, 
stainless steel is used suitably. The configuration of a charge collector has the shape of a foil, and a practical 
porous body. 

[0013] The electrolytic solution is received as a binder which can be used for the above-mentioned purpose. 
Stable polyethylene, Polypropylene, polyethylene terephthalate, aromatic polyamide, Resin system giant 
molecules, such as a cellulose, styrene-butadiene rubber, polyisoprene rubber, Rubber-like giant molecules, 
such as butadiene rubber and ethylene-propylene rubber, a styrene butadiene styrene block copolymer, The 
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hydrogenation object, a styrene isoprene styrene block copolymer, Thermoplastic-elastomer-like giant 
molecules, such as the hydrogenation object, syndiotactic 12-polybutadiene, Elasticity resin-like 
macromolecules, such as an ethylene- vinylacetate copolymer, and a propylene, an alpha olefin (carbon 
numbers 2-12) copolymer, The giant-molecule constituent which has the ion conductivity of fluorine system 
giant molecules, such as polyvinylidene fluoride, polytetrafluoroethylene, and a polytetrafluoroethylene 
ethylene copolymer, alkali-metal ion, especially a lithium ion is mentioned. 

[0014] The system which compounded lithium salt or the alkali-metal salt which makes a lithium a subject 
with high molecular compounds, such as the bridge formation withers height molecule of polyether system 
high molecular compounds, such as polyethylene oxide and polypropylene oxide, and a polyether 
compound, polyepichlorohydrin, poly FOSUFAZEN, a polysiloxane, a polyvinyl pyrrolidone, poly 
vinylidene carbonate, and a polyacrylonitrile, as a giant molecule which has the above-mentioned ion 
conductivity, or the system which blended with this the organic compound which has high dielectric 
constants, such as propylene carbonate, ethylene carbonate, and gamma-butyrolactone, can be used. 10 to 5 
or more S/cm of ion conductivity in such a room temperature of an ion conductivity macromolecule 
constituent is 10 to 3 or more S/cm still more preferably preferably. 

[0015] As a solvent for distributing and carrying out coating of the above-mentioned carbon material for 
negative electrodes, although which solvent may be used, what can dissolve or distribute this binder is used 
preferably. As such a solvent, the mixed solvent containing an organic solvent independent or these 
solvents, such as N-methyl pyrrolidone, dimethyl formamide, dimethylacetamide, dimethyl sulfoxide, a 
cyclohexanone, an acetone, 2-butanone, and methyl isobutyl ketone, is used suitably. 

[0016] A binder can be added for the above-mentioned natural product origin carbon material if needed, and 
coating liquid can be prepared with the above-mentioned solvent using well-known distributed equipment 
and/or mixed equipment. Thus, the prepared coating liquid can be applied on a charge collector using well- 
known coating means including a blade coat, a wire bar coat, a spin coat, a spray coat, immersion coating, 
and a bead coat, moreover, the electro statics PUREDI position (ESD) which impresses electric field 
between the heated charge collector and the nozzle containing coating liquid, and performs film production 
and heat-treatment to coincidence — law is also used preferably. The liquid applied on the charge collector is 
heat-treated, and forms electrochemically occlusion and the negative-electrode plate which may be emitted 
for a lithium ion. 

[0017] In this way, a rechargeable lithium-ion battery is constituted combining the separator which are other 
cell components about the electrolytic solution explained below to be the produced negative-electrode plate 
and a positive-electrode plate, a gasket, a charge collector, an obturation plate, a eel case, etc. Although 
especially a producible cell is not limited, telescopic, a square shape, a coin mold, etc. put a charge collector 
and a negative-electrode ingredient on a eel floor plate fundamentally, and they put a positive electrode so 
that the electrolytic solution and a separator may be further countered with a negative electrode on it, and it 
uses them as a rechargeable battery in total in a gasket and an obturation plate. 

[0018] As a non- aqueous solvent which can be used for the electrolytic solutions, the independence of 
organic solvents, such as propylene carbonate, ethylene carbonate, diethyl carbonate, dimethyl carbonate, 
ethyl methyl carbonate, 1, 2 -dimethoxy ethane, gamma-butyrolactone, tetrahydrofuran, tetrahydrofuran, 2- 
methyl tetrahydrofuran, sulfolane, 1, and 3-dioxolane, or the thing which mixed two or more kinds can be 
used. 

[0019] these solvents - about [ 0.5-2.0M ] LiC104, LiPF6, LiBF4, LiCF3 S03, and LiAsF6 etc. - an 
electrolyte is dissolved and it considers as the electrolytic solution. Moreover, the solid polymer electrolyte 
which is the conductor of alkali-metal cations, such as a lithium ion, can also be used. Although especially 
the ingredient of a positive-electrode object is not limited, it is desirable to consist alkali-metal cations, such 
as a lithium ion, of occlusion and a metal chalcogen compound which can be emitted at the time of charge 
and discharge. As such a metal chalcogen compound, the oxide of vanadium, the sulfide of vanadium, the 
oxide of molybdenum, the sulfide of molybdenum, the oxide of manganese, the oxide of chromium, the 
oxide of titanium, the sulfides of titanium and these multiple oxides, a compound sulfide, etc. are 
mentioned. Preferably, they are Cr 308, V2 05, V5 013, V02, Cr 205, Mn02, Ti02, MoV 208, TiS2V2 
S5 MoS2, MoS3 VS2, Cr0.25V0.75S2, and Cr0.5 V0.5 S2 grade. Moreover, LiMY2 (for M, the transition 
metals Y, such as Co and nickel, are chalcogen compounds, such as O and S), LiM 2Y4 (M is Mn and Y is 
O) and W03 etc. - an oxide, CuS, Fe0.25V0.75S2, and NaO.l CrS2 etc. - a sulfide - NiPS3 and FePS3 
etc. — Lynn, a sulfur compound, VSe2, and NbSe3 etc. — a selenium compound etc. can also be used. Like 
negative-electrode material, it mixes with a binder, and these are applied on a charge collector, and let them 
be positive-electrode plates. 
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[0020] A function is discovered by the separator holding the electrolytic solution being the ingredient which 
was generally excellent in solution retention, for example, using a nonwoven fabric, a porous film, etc. of 
polyolefine system resin, and infiltrating the above-mentioned electrolytic solution. 
[0021] 

[Example] Next, although an example explains this invention to a detail, an example is for explaining this 
invention in detail, and it does not need to refuse that this invention does not receive any constraint 
according to these examples, either. 

[0022] (Example -1) After grinding a commercial bamboo-goods Bincho charcoal lightly by the planetary 
mill, while sifting out, the particle of the diameter of 35 micrometer was taken out from from. It was 
immersed in the electrolytic solution which consists this particle of ethylene carbonate and propylene 
carbonate 1:1 volume ratio containing one mol [/l. ] lithium perchlorate, and the current-potential curve by 
the potential sweep method was measured using the lithium metallic foil which served as the platinum- 
rhodium-alloy filament with a diameter of 35 micrometers to the actuation pole, and served as the reference 
pole to the counter electrode. At this time, the operation pole measured by making a target carbon particle 
contact using the x-y-z stage of a minute actuation mold. Measurement was performed all over the dry box 
of -50 degrees C or less of dew-points. The detail of a measuring method is described to electrochemical -, 
and the - solid-state Letters volume [ 3rd ] No. 3 125 pages. 

[0023] The current-potential curve (cyclic voltamogram) measured in this way is shown in drawing 1 . In 
the potential region of 1 V-0V, the insertion of a lithium ion based on the negative current at the time of a 
****** potential scan and the desorption of a lithium ion based on the forward current at the time of a 
****** [ you ] scan were observed, and it became clear that this bamboo Bincho charcoal can carry out the 
ejection and insertion of the lithium ion continuously for the first time. The time amount which carried out 
the potential scan of the negative current of drawing 1 is integrated, the amount of lithium ion insertion 
charges is calculated, and time quadrature of the forward current can be carried out, and the amount of 
lithium ion desorption charges can be calculated. A charge-and-discharge ratio is defined as change of the 
discharge capacity expressed with the following formula from this amount Q of charges. 
[0024] 

[Formula 1] Change =QNth/Qlst[0025] of discharge capacity 

[Formula 2] Charge-and-discharge ratio = Qdischarge/Qcharge [0026] In an upper type, Qlst expresses the 
charge in which charge carried out the afterdischarge by the first potential scan, and QNth expresses the 
charge in which charge carried out the afterdischarge by the potential scan of eye N time. Moreover, 
Qcharge and Qdischarge express the charge respectively charged by the potential scan of eye N time, and 
the charge which discharged the back. Thus, the measured value is shown in Table 1 . 
[0027] (Example -1 of a comparison) The current-potential curve of a particle with a diameter of 30 
micrometers was measured like the example -1 except having used the graphitization meso carbon micro 
bead (2800-degree-C baking) instead of the carbon particle used in the example -1. As for this ingredient, 
the use as a negative-electrode ingredient for rechargeable lithium-ion batteries is proposed conventionally. 
The reversible good cyclic voltamogram was obtained very much as a result of measurement. It turning out 
that a lithium ion carries out ejection and insertion to this carbon material reversibly, and being 
conventionally used suitably as a negative-electrode ingredient for rechargeable lithium-ion batteries from 
this, was proved anew. Moreover, like an example -1, change and the charge-and-discharge ratio of 
discharge capacity are measured, and it is shown in Table 1 . 

[0028] (Example -2 of a comparison) The current-potential curve of a particle with a diameter of 30 
micrometers was measured like the example -1 except having used the graphitization meso carbon micro 
bead (1000-degree-C baking) instead of the carbon particle used in the example -1 . As for this ingredient, 
the use as a negative-electrode ingredient for rechargeable lithium-ion batteries is proposed conventionally. 
The reversible good cyclic voltamogram was obtained like drawing 1 as a result of measurement. It turning 
out that a lithium ion carries out ejection and insertion to this carbon material reversibly, and being 
conventionally used suitably as a negative-electrode ingredient for rechargeable lithium-ion batteries from 
this, was proved anew. Moreover, like an example -1, change and the charge-and-discharge ratio of 
discharge capacity are measured, and it is shown in Table 1 . 

[0029] (Example -2) The current-potential curve of a particle with a diameter of 35 micrometers was 
measured like the example -1 except having used the Bincho charcoal instead of the carbon particle used in 
the example -1 . As a result of measurement, the reversible good cyclic voltamogram was obtained like 
drawing 1 , and it became clear that this Bincho charcoal can carry out the ejection and insertion of the 
lithium ion continuously for the first time. Moreover, like an example -1, change and the charge-and- 
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discharge ratio of discharge capacity are measured, and it is shown in Table 1 . 

[0030] (Example -3) The current-potential curve of a particle with a diameter of 35 micrometers was 
measured like the example -1 except having used the BAMBU ceramics instead of the carbon particle used 
in the example -1 . As a result of measurement, the reversible good cyclic voltamogram was obtained like 
drawing 1 , and it became clear that this BAMBU ceramics can carry out the ejection and insertion of the 
lithium ion continuously for the first time. Moreover, like an example -1, change and the charge-and- 
discharge ratio of discharge capacity are measured, and it is shown in Table 1 . 



[0031] 
fTable 1] 
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[0032] Table 1 shows that the natural product origin carbon which was used for the example and which can 
come to hand cheaply is known for the first time, and that the ejection and insertion of the ejection and 
insertion of a lithium ion can be carried out reversibly can use it for the negative electrode of a rechargeable 
lithium-ion battery. It turns out that there is especially no bamboo Bincho charcoal used for the example -1 
from Table 1 inferiority compared with the ingredient of the example of a comparison proposed by the 
negative electrode of a rechargeable lithium-ion battery from the former. Then, next the actual rechargeable 
battery eel was produced and the charge and discharge test of a cell was performed. 

[0033] The N-methyl pyrrolidone 6 weight section was respectively added for the carbon material 9 weight 
section used for the example -1, the example -1 of a comparison, and the example -2 of a comparison with 
the polyvinylidene fluoride 1 weight section, it kneaded well with the mortar, and the slurry was produced. 
Doctor blade coating of this was carried out on the copper foil charge collector, the vacuum drying was 
carried out at 1 10 degrees C for 12 hours, and the negative electrode for rechargeable lithium-ion batteries 
was produced. To the negative electrode obtained in this way, the electrolytic solution was inserted, the eel 
made to counter a lithium metal electrode was produced, and the charge and discharge test was performed. 
What dissolved lithium perchlorate in the solvent which mixed ethylene carbonate and propylene carbonate 
by the ratio of a capacity factor 1:1 at a rate of 1 mol/L was used for the electrolytic solution. The assembly 
of a eel was performed in the glove compartment which filled super-dry air. Measurement was started, after 
leaving it for 2 hours so that the electrolytic solution might sink into a negative electrode enough after the 
assembly of a cel. 

[0034] The charge and discharge test was performed by the constant current charge-and-discharge method. 
It doped until the potential difference between poles was set to 0V by current density 0. 1 mA/cm2, and the 
dedope was performed until it became between poles subsequently to potential difference 1 .5 V. The charge 
and discharge of a 3 cycle repeat were performed, and dedope capacity was measured. A measurement result 
is shown in Table 2. 
[0035] 
[Table 2] 
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[0036] Although there is less discharge capacity of the rechargeable battery using the carbon material of the 
example -1 of a comparison than the geometric capacity of a graphite, it is well in agreement with the report 
value of a publication at journal OBU electrochemical society magazine 142-volume 1041 pages. From this, 
it is thought that these cells and the evaluation property of those are what can place reliance. Moreover, the 
cell which used the bamboo Bincho charcoal of an example -1 shows the property which is completely equal 
as compared with the carbon material which is proposed conventionally and used. Therefore, it is clear that 
the cell which has the engine performance equivalent to the conventional cell using the new and cheap 
carbon material to apply is producible. 
[0037] 

[Effect of the Invention] This invention offers the rechargeable lithium-ion battery which used the new 
negative-electrode ingredient by using the natural product origin carbon which is not proposed by the 
negative electrode until now. Moreover, since this natural product origin carbon material can come to hand 
very cheaply as compared with the charge of negative-electrode material currently used from the former, it 
offers a cheap rechargeable lithium-ion battery. Furthermore, if a bamboo Bincho charcoal is used as natural 
product origin carbon, the rechargeable lithium-ion battery excellent in repeat use stability equivalent to the 
conventional ingredient will be offered. 



[Translation done.] 
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